
FORECASTOF A SYSTEMOF THE DICOTYLEDONS

Herbert F. Copeland^

A standing problem of taxonomic biology —its importance and diffi-

culty made known by the incompletely successful efforts of fully two cen-

turies —is that of the natural and convenient organization of the families

of dicotyledons in groups of the category of orders. De Candolle ( 1813 ; to

him, what we call a family was an order, and what we call an order was a

subclass, legion or cohort) remarked of this problem, "C'est la le probleme

le plus important a resoudre qui se present aujourd'hui dans I'etude des

rapports naturels." And Schnarf (1933) had still to say, "Dagegen ist die

Gruppierung der Familien zu Ordnungen oder Reihen schon mit einer

gewissen Unsicherheit behaftet, die darin zum Ausdruck kommt, dass die

Abgrenzung der Ordnungen von verschiedenen Forschern vielfach in ver-

schiedener Weise vorgenommen wird."

In his work just cited, De Candolle observed that there had been almost

as many systems as systematists; which is not far from saying that every

systematist has a right to his own system. Among the very many systems

which systematists have produced, few have had much influence. During

the nineteenth century, the system of De Candolle (of which that of Ben-

tham and Hooker is a variant) overshadowed all others; subsequently, the

system of Engler and Prantl has had the same effect. All this is as it should

be. Weneed at every time to have an accepted system, by which we may
know where to look for what concerns us in herbaria and manuals. The
systems which have been offered as challenges to the accepted systems

have brought about minor improvements in the latter. They have had

the more important effect of keeping us aware that the accepted system

is never the final truth. As the system of Engler and Prantl displaced that

of De Candolle, so surely it will be displaced by one which is recognizably

a more satisfactory representation of the system which exists in nature.

Considering these things, I took a summons to appear in a symposium
as occasion to try to predict the system of the future; this to the extent

of formulating the skeleton of a system which is set forth below.

This system gives much weight to microscopic characters, though I can

scarcely claim mastery of the great mass of available data. Metcalf and
Chalk (1950) give a bibliography of about twenty-five hundred titles,

nearly all of them subsequent to the translation of Solereder by Boodle

and Fritsch (1908). Schnarf (1931) hsted about seventeen hundred con-

tributions to embryology. Wodehouse (1935) listed some three hundred

1 It was a high honor, accepted with diffidence, to be asked to speak on "Anatomy
and taxonomy" in a symposium commemorating the fiftieth anniversary of the

Botanical Society of America, on August 28, 1956, at the meeting of the American

Institute of Biological Sciences at the University of Connecticut. The present paper

is a revision of the one given on that occasion.
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papers on pollen grains, and Erdtmann (1952) about eleven hundred in

the same field. Where study of vascular anatomy, at Harvard and else-

where, has yielded definite conclusions, it has been possible to formulate

orders with considerable confidence ; for the rest, the orders are those of

Engler and Prantl with certain amendments suggested by embryological

or palynological data.

Large orders are preferred to small: in maintaining an order of two or

three famiHes, one is not far from leaving the families unplaced. However,

it has not been found possible to be consistent in this matter. It is not con-

sidered necessary that the orders be definable by description.

Names are appHed to the orders according to the principles of priority

and typification. The experience of very many taxonomists has shown it

necessary to apply these principles in deahng with genera and species.

Experience with the formulation and naming of higher groups has been

comparatively scant. Perhaps for this reason, taxonomists in convention

have taken the position that it is possible to make defensible choices among
the fairly numerous names which have been applied to higher groups

without recourse to the principles cited. Whether or not this position is

sound, no novelties are here added to the synonymy of ordinal names.

Subclass DICOTYLEDONESLindley

Synops. British Fl. 4 (1829).

Order 1. Multisiliquae L. Gen. PI. ed. 6 ( 1764) . Orders Piperitae and

Coadunatae L. op. cit. Orders Piperinae (Brongniart, as class) and Poly-

car picae (Endlicher, as class) Braun in Ascherson Fl. Brandenburg 1:36,

47 (1864). Orders Piperales and Ranales Engler Syllab. 93, 106 (1892).

Among names of the three natural orders in which Linnaeus placed

these plants, that of which the apparent typical genus is Ranunculus is

preferred to those of which the apparent typical genera are respectively

Piper and Magnolia.

This order includes the generality of dicots with apocarpous flowers,

as v/ell as some of their immediate derivatives. They have been studied

extensively by Bailey and his associates (Bailey and Nast, 1943, 1944,

1945
;

Bailey, Nast, and Smith, 1943
;

Bailey and Smith, 1942
;

Bailey and

Swamy, 1949; Smith, 1943, 1945, 1946, 1947; Swamy, 1949; Swamyand

Bailey, 1949). These scientists are authority for the assemblage here of a

large number of families, including the Piperaceae and their immediate

allies. To current botanical opinion, this is definitely the primitive order of

flowering plants. Some families are homoxylous, e., having wood without

vessels, in contrast to the heteroxylous condition which is characteristic

of flowering plants. In some families the pollen grains are monocolpate,

i. e., marked by a single groove; this character they share with the gener-

ality both of the lower seed plants and of the monocots, while in typical

dicots the pollen grains are tricolpate or of more elaborate types derived

from this. The two primitive characters mentioned, and the peculiar
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anatomical character of oil cells in the tissues, are distributed among the

families of Multisiliquae each one in seeming independence of the others.

This means that, quite as one would expect of a primitive group, the

families are isolated or fall into isolated blocks. It is necessary as a matter

of convenience to maintain the order as a whole ; it is not possible to divide

it into a small number of natural orders. The families are as follows:

a. Homoxylous, pollen monocolpate: Winteraceae.

b. Heteroxylous, pollen monocolpate: Degeneriaceae, Himantandraceae,

Magnoliacese, Anonaceae, Eupomatiaceae, Myristicaceae, Canellaceae, Mon-
imiaceae, Gomortegaceae, Lauraceae, Hernandiaceae, Lactoridaceae, Caly-

canthaceae, Chloranthaceae, Piperaceae, Saururaceae.

c. Wood degenerate, pollen monocolpate: Nymphaeaceae (pollen tricol-

pate in subfamily Nelumbonoideae).

d. Homoxylous, pollen tricolpate: Trochodendraceae, Tetracentraceae.

e. Heteroxylous, pollen tricolpate: Eupteleaceae, Cercidiphyllaceae, Illi-

ciaceae, Schisandraceae, Berberidaceae, Menispermaceae, Lardizabalaceae,

Ranunculaceae.

Order 2. Juliflorae (Endlicher as class) Braun in Ascherson Fl. Bran-

denburg 1: 62 (1864). Order Amentacece of Linnaeus and Jussieu: one

would not maintain a name in -acece as that of an order. Tippo (1938),

on the basis of studies of the anatomy of the wood, assembled the fami-

lies Hamamelidaceae, Platanaceae, Myrothamnaceae, Stachyuraceae, Betu-

laceae, Fagaceae, and Casuarinaceae, as a natural group derived immediately

from Multisiliquae.

It is an annoyance to have no definite opinion as to the natural place in

the system of the familiar families Salicaceae and Juglandaceae. Gundersen

(1950) grouped Juglandaceae with Myricaceae and Rhoipteleaceae, which

may well be sound ; but there is not much to tell where the group belongs.

Order 3. Scabridae L. Order Urticce Jussieu, the mere plural of a gen-

eric name. Order Urticince (Bartling as class) Braun. Order Urticales

Engler Syllab. 95 (1892). Ulmaceae, Eucommiaceae, Moraceae, Urticaceae.

Study of the woods by Tippo (op. cit.) was held to confirm this generally-

accepted group as natural, and to show that its origin was from the lower

Juliflorae.

Order 4. Guttiferae Jussieu Gen. PL 225 (1789). Suborder Theinece,

Theaceae, Marcgraviaceae, Caryocaraceae, Medusagynaceae, Clusiaceae,

Hypericaceae, Quiinaceae, Eucryphiaceae, Ochnaceae, Dipterocarpaceae.

Vestal (1937) found the anatomy of the woods to confirm as natural this

generally accepted assemblage of families. They show nice transitions

from primitive vessels with barred perforations to advanced vessels with

porous perforations. Similarly in the flowers, there are transitions from

spiral parts of indefinite numbers to whorled parts of definite numbers,

while the endosperm varies from nuclear to cellular (Schnarf on Saurauia,

1924; Swamy on Marcgravia, 1948). The basic family Dilleniaceae is
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needed to bind together this assemblage; it might otherwise as well be

included in Multisiliquae.

Order 5. Bicornes L. Orders Rhododendra and Ericce Jussieu Gen. PL
158, 159 (1789). Order Ericales Engler Syllab. 151 (1892). The vessel

perforations vary in the Bicornes from barred to porous. The flowers are

characteristically sympetalous (there are both primitive and derived ex-

amples with separate petals) ; the stamens are free of the corolla, with no

ribbed endothecium (except in the primitive family Clethraceae), the

anthers opening through pores, the pollen grains united in tetrads. The
endosperm is cellular: the first two divisions of the endosperm mother cell

are transverse, producing a row of four cells, among which the terminal

members give rise to haustoria. Nearly all authorities agree that this group

is immediately related to Saurauia, which belongs in or next to Actini-

diacese. The families are Clethraceae, Ericaceae, Empetraceae, and Epacri-

daceae. In many Epacridaceae, the stamens are epipetalous and the anthers

open through slits, and the pollen grains are solitary; but these plants are

linked to Ericaceae by clear lines of transition. The families Lennoaceae

and Diapensiaceae, which have been placed in this order, do not belong

to it, and are for the present left unplaced.

Order 6. Guiacanae Jussieu Gen. PI. 155 (1789). Order Diospyrince

(Brongniart as class) Braun in Ascherson El. Brandenburg 1:37 (1864).

Order Ebenales Engler Syllab. 155 (1892). Styracaceae, Sapotaceae, Sym-
plocaceae, Ebenaceae, and other families. De Candolle condemned tatonne-

ment (fumbling! ) as a method of recognizing the natural system; yet it

was the accident that I have Styrax in near-by foothills and a plant of

Camellia in my back yard that enabled me to see that Styracaceae is im-

mediately related to Theaceae.

Order 7. Passiflorinae (Brongniart as class) Braun in Acherson Fl.

Brandenburg 1: 50 (1864). Order /?t>^flcetEL., in part. Order Cw^i Jussieu,

the mere plural of a generic name. Order Parietales (Endlicher) Braun

op. cit. 49. Cistiflorce Eichler. Vestal (1937) assembled the families Fla-

courtiaceae, Bixaceae, Cochlospermaceae, and Cistaceae as a natural group

descended directly from Multisiliquae. Whether the herbaceous families

Passifloraceae, Caricaceae, Cucurbitaceae, and Begoniaceae, usually placed

with these, belong with them or belong together, and whether Violaceae

and Resedaceae belong with them, is apparently as yet uncertain.

Order 8. Senticosae L. op. cit., the evident standard genus being Rosa.

Orders Papilionacece, Lomentacece, and Pomacece L. Order Rosiflorce

(Endlicher) Braun. Order Resales Engler Syllab. 115 (1892). Tippo

(1938) showed that Saxifragaceae sens, lat., Brunelliaceae, Cunoniaceae,

and Rosaceae belong together. Presumably Crassulaceae, Pittosporaceae,

and Leguminosae belong with them. They are derived directly from woody

Multisihquae.
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Order 9. Rhoeadeae L., including orders Corydales, Putaniinece, and

Siliquosoe L. Order Rhoeadince (Bartling as class) Braun. Order Rhoea-

dales Engler Syllab. Ill (1892). Papaveraceae, Tovariaceae, Fumariaceae,

Capparidaceae, Cruciferae; Moringaceae and Violaceae have been placed

here. They are beheved to be derived directly from Multisiliquae.

To this point in this presentation, it is believed that the truth as to the

main outline of the phylogeny of the dicots has been perceived. The order

Multisiliquae is primitive; JuHflorae, Guttiferse, Passiflorinae, Senticosae,

and Rhoeadeae are immediate derivatives; Scabridae, Bicornes, and Guia-

canae are secondary derivatives. A considerable number of further orders

are recognizable, but their connections are less clear. Gundersen (1950)

took note that most compound pistils with axile placentation pass during

development through a stage in which the placentation is parietal. Consid-

ering this fact in connection with the principle that ontogeny recapitulates

phylogeny, he thought it probable that the group here called Passiflorinae

is an important secondary center of variation, ancestral to most of the re-

maining dicots. It is arguable, on the contrary, that parietal placentation

is not usually a primitive character, but a result of paedogenesis, that is,

of courses of evolution by which the immature condition of a relatively

primitive organism becomes the mature condition of its derivatives. Hal-

lier (1905) would have derived many of the more advanced dicots from

Sterculiaceae. Purely as a speculation, it is here suggested that more orders

than Bicornes and Guiacanae may be derived from Guttiferae.

Order 10. Preciae L., including orders Rotacece, Caryophyllei, and

Holoracece and Succulents L. in part. Orders Curvembryoe, Centrospermoe,

Polygonales, Opuntales, Primulales, and Plumb a gin ales of Engler and

others. A matter of fifteen families, decidedly varied in gross characters.

The bulk of the families are characterized by curved or coiled embryos.

Schnarf (1931, 1933) found Opuntiaceae definitely Hnked to these, per-

haps in the neighborhood of Aizoaceae, by embryological characters. The
embryos are straight or nearly so in Polygonaceae (in which the anatomy
of the stem is anomalous, as it is also in Amaranthaceae and Chenopodi-

aceae), Primulaceae (notably similar to Caryophyllaceae in gross features)

and Plumbaginaceae (distinguished by embryological peculiarities).

In the middle of the Englerian system of the dicots, there is a long

series of families, from Pandaceae to Cynomoriaceae, of which the majority

are mere names to European and North American field botanists. Engler

assembled many of these as two orders distinguished by the position of

the ovules. In Geraniales, the ovule is epitropous, "turned up," either

erect with the micropyle turned in or pendant with the micropyle turned

out. In Sapindales, the ovule is apotropous, "turned down," either erect

with the micropyle turned out or pendant with the micropyle turned in.

The extensive study of woods principally of these families by Heimsch

(1942) appears to have revealed a more natural grouping than the Eng-

lerian: the next three orders represent it.
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Order 11. Polygalinae (Brongniart as class) Braun in Ascherson Fl.

Brandenburg 1: 36 (1864) . Order Poly galales ( Bessey as suborder, 1897)
Hallier (1905). Wood with rays hetrogeneous I or II A; parenchyma in

apotracheal bands or scantily paratracheal ; fiber-tracheids with conspicu-

ously bordered pit-pairs. Humiriaceae, Linaceae, Erythroxylaceae, Poly-

galaceae, Krameriaceae, Diclidantheraceae, Trigoniaceae, Tremandraceae,

Zygophyllaceae, Malpighiaceae, Vochysiaceae.

Order 12. Trihilatae L. Order Terebinthince (BartHng) Braun. Order
Tere bint hales Wettstein. Pinnatce Hutchinson. Rays heterogeneous II B
or homogeneous; parenchyma banded or paratracheal; wood fibers with

simple pits. Rutaceae, Cneoraceae, Simarubaceae, Mehaceae, Sapindaceae,

Hippocastanaceae, Aceraceae, Bretschneideraceae, Connaraceae, Burseraceae,

Terebinthaceae. JuHaniaceae is to be reduced to Terebinthaceae.

The action of botanical congresses in conserving numerous names of

families was scarcely duly considered, since practically all of these names
are valid by the letter of the code. As an exception, the name Tere-

bint(h)aceae (Jussieu as order) appears to have been applied definitely to

a family before Anacardiaceae was.

Order 13. Gruinales L. Order Geraniales Engler. The wood (of woody
examples) exhibits advanced characters, absence of scalariform perfora-

tions and presence of libriform fibers. Geraniaceae, Oxalidaceae, Tropaeola-

ceae, Balsaminaceae. Limnanthaceae, a small family of herbs of western

North America, are in gross structure closely similar to Geraniaceae. They
are embryologically peculiar (having a 4- or 2-sporic embryo sac of unique

type; Mason, 1951
;

Mathur, 1956), but may as well be placed here.

Order 14. Tricoccae L. Euphorbiaceae, an enormous family, chiefly

tropical, grossly varied in every character as though not a natural group.

Order 15. Columniferae L. Order Malvales Engler. Tihaceae, Mal-

vaceae, Bombacaceae, Stercuhaceae, and other families; a thoroughly nat-

ural group.

Order 16. Calycanthemae L. Orders Calyciflorce and Hesperidece L.,

in part. Order Myriflorcs (Endlicher) Braun. Loasaceae, Thymelaeaceae,

Elaeagnaceae, Lythraceae, Onagraceae, Melastomaceae, Myrtaceae, and

many others
;

needing further study.

Order 17. Umbellatae L. Order Hederaceoe L., in part. Order Umbelli-

florce (Bartling as class) Braun. Cornaceae, Araliaceae, Umbelliferae. The
suggestion that Garryaceae also belongs here has been confirmed by a

recent thorough study by Moseley and Beeks ( 1956).

Order 18. Santalinae Grisebach. Like Calycanthemae and Umbellatae,

these have choripetalous flowers with inferior ovaries ; the characters may
be obscured by reduction. Olacaceae, Santalaceae, Loranthaceae, Balano-

phoraceae, etc.

Among sympetalous dicots, the Bicornes, Guiacanae, and Primulales
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have already been given places. As to the remainder, the evidence, par-

ticularly from the embryology, inclines one to treat them as a natural

group of four orders, as follows.

Order 19. Luridae L., including orders Campanacece L. ( Convolvulaceae

and Polemoniaceae), Personatce L. (Scrophulariacese, etc.), Asperifolice

L. (Hydrophyllaceae and Boraginaceae) and VerticillatcB L. (Labiatse).

Order Tubiflorce (Bartling as class) Braun. About twenty-three families.

In Bicornes and Guiacanae, the cellular endosperm is inherited from cer-

tain Guttiferse. In the present order it has evolved separately, the lower

families, Convolvulaceae and Polemoniaceae, having nuclear endosperms.

Whereas in Bicornes the endosperm mother cell undergoes two transverse

divisions and produces a linear four-celled endosperm, in the present order

it undergoes usually a transverse division followed by a longitudinal

division, producing a T-shaped stage. The apetalous family Callitrichaceae

has the embryogeny of this group.

Order 20. Contortae L., including SepiarioB L. Seven families, a very

natural group, apparently a minor offshoot of the preceding.

Order 21. Stellatae L. Caprifoliaceae and Rubiaceae. The Adoxaceae

have the pollen of this group (Erdtmann, 1954).

Order 22. Aggregatae L. Eight families, including Campanulaceae,

Lobeliaceae, Valerianaceae, Dipsacaceae, and Compositae. In the Englerian

system, part of these are in Rubiales, but the embryological characters

(and, indeed, the characters in general) place them as here.

A large number of families remain unplaced. Places could be given to

many of them by recognizing such orders as Juglandales, Aristolochiales,

Sarraceniales, and Celastrales; but these are either small and themselves

not certainly placed, or else not evidently natural. Surely, by sufficient

study of anatomy, embryology, and palynology, we will eventually learn

their true positions.

At the same meetings and on the same day on which this paper was
given oral presentation, Dr. Arthur Cronquist presented a system of the

dicots which is expected soon to reach publication. Cronquist places all of

the families in orders, which, for the sake of definition by description, are

made considerably smaller and more numerous than the ones here main-

tained. The orders are arranged in a phylogenetic pattern with which the

one here presented is in essential agreement so far as it goes. The differ-

ences between his system and mine are as though we were artists repre-

senting the same tree under the conventions of different schools, and as

though he had seen many more details than I (I have every reason to

believe that he has perceived most of them correctly) . The points of agree-

ment allow us to believe that we are actually approaching the system of

the future.

Sacramento Junior College,

Sacramento, California
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A BOTANICALDISASTER

Erwin F. Lange

A chance meeting of two botanical explorers along the shores of the

Columbia near The Dalles, Oregon, on November 13, 1843, left a story

of disaster which completely altered the life of a German botanist, Fred-

erick George Jacob Lueders. For on that day Lueders stood by helplessly

as he watched the turbulent Columbia swallow up his entire botanical

collection and collecting equipment. In a matter of seconds the results of

three years' labor in the wild and mountainous parts of the United States

were washed away. All that Lueders was able to rescue from the water

was a treasured copy of his Torrey and Gray Flora. ^ This event would

probably have gone unrecorded in the pages of Northwest science history

had it not been for the famed United States explorer, Captain John C.

Fremont, who witnessed the event and noted it in his journal. Concerning

the calamity he wrote:

A gentleman named Lueders, a botanist from the city of Hamburg, arrived at

the bay I have called by his name, while we were bringing up the boats. I was
delighted to meet at such a place a man of kindred pursuits; but we had only the

pleasure of a brief conversation, as his canoe, under the guidance of two Indians,

was about to run the rapids ; and I could not enjoy the satisfaction of regaling him
with breakfast, which after his recent journey, would have been an extraordinary

luxury.

All his few instruments and baggage were in the canoe, and he hurried around

to meet it at Grave Yard Bay; but he was scarcely out of sight when, by the

carelessness of the Indians, the boat was drawn into the midst of the rapids, and
glanced down the river, bottom up, with a loss of everything it contained. In the

natural concern I felt for his misfortune, I gave to the little cove the name of

Lueders' Bay.

Fremont's note aroused but little interest until Leslie L. Haskins came
to Brownsville, Oregon, as a photographer and botanist. As a small boy in

1 This book is today a part of the library collection of the Oregon Historical

Society. Augusta Lueders, a daughter of the German botanist, sent it to Leslie L.

Haskins, author of "Wild Flowers of the Pacific Coast," who presented it to the

Historical Society library.


